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(54) Fuel additives and compositions 

(57) Use, in order to improve the lubricity of low sul- 
phur content fuel, of an additive comprising 
A) a carboxylic acid amide, 



and further comprising 

B) a cold flow improver, and/or 

C) an ashless dispersant. 
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83% by weight dimer and 15% by weight of trimer and possibly higher acids. This "dimerized" acid, as well as the other 
acids described above, are commercially available or may be prepared by the application or adaption of known tech- 



niques. 



The amide may be formed by reaction of the carboxylic acid with ammonia or a nitrogen«ontaining compound of 
formula (I): 

2 fNfR 2 ^R 1 1 Y 0) 
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10 in which: 



Ri is an alkylene group containing from 2 to 10 carbon atoms; 

Y?s optimally N-substituted 1-piperazinyl where the substituent is a group R 2 or a group [R^R 2 )]^ 2 in which 
J5 Ri and q are as defined above, -N(R 2 ) 2 or 4-morpholinyl; and «i 

each substituent R* is independently selected from hydrogen, alkyl having 1 to 6 carbon atoms and a group of 
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formula: 



in which: 
r isOto 15; 



-(R 3 0) r R 4 



R 3 is" an alkylene group having 2 to 6 carbon atoms; and - - - - - — 

R4 is an hydroxyalkyl group having 2 to 6 carbon atoms, provided that at least one group R* ,s hydrogen. 

When the compound ol formula (I) contains more than one group Ri the groups may be the same or drfferent. The 
sam^s true when L compound contains more than one group F* more than one group R 3 and more than one group 

R4 ' The symbol q is preferably 0 to 5. The symbol r is preferably 0 to .10. Ri contains preferably 2 or 3 carbon atoms. 
When r^TaS. the moiety pLferab.y contains from 2 to 4 carbon atoms. R 3 is preferably an alkylene group hav.ng 
^to 4 ca bon atoms R< is preferably an hydroxyalkyl group having 2 to 4 carbon atoms. The hydroxys Iky group 
DrSerab7conta ns t to 4 hydroxy! groups. When r is greater than zero R< is preferably a mono-hydroxyalky. group. 
to wZtwo^ or hydroxypropyl. When r is zero R* is preferably a mono- or poly-hydroxyalky. group having 
up to 4 hydroxyl groups for example hydroxyethyl. hydroxypropyl or a l-hydroxy^^^hydroxyme hyl)ethyl group^ 
Thl numbe" rbon atoms in F? and the value q takes are selected independently. This means for example that 
when Q is greater than zero, may be different in each repeat unit. Similarly, the number of carbon atoms .n R 3 and 
me value r tokes are independent. This means that, for example, when r is greater than zero, R 3 may be the same or 

different in each ether repeat unit. -H^.h/nvic w/r2^ RSiseth- 

According to a preferred embodiment, in the nitrogen-conta.n.ng compound of formula (I) Y e -N(R ) 2 , R is etn 
ylenfand q is 0 to 3. Examples of such compounds include e.hanolamine, diethanolam.ne, tr,s(hydr 0 xymethyl)ami- 
nomelhane Methylene tetramine or diethylene triamine op.ionally N-substituted by two hydroxypropyl groups. 
^TSTaLdtoia* in the nitrogen-containing compound Y of formula (I) is 4-morphohnyl or optionally N- 
subs tuted 1 iperazinyl, R« is an alkylene group containing 2 to 6 carbon atoms, q is 0 or 1 and each FP ,s hydrogen. 
Examples of such compounds include aminoethylpiperazine, bis-(aminoethyl)piperaz,ne and ™rph°hne. 

Tne nitrogen-containing compounds of formula (I) are commercially available or may be made by the app.icauon 
or adaota on of known techniques. For example, the compounds of formula (I) in wh,ch r ,s 1 or more, i e. those 
IS g an e her Z polyethel linkage, can be prepared by reaction o, a suitable amine morpholme or piperazine 
comooTd with a molar excess ol one or more a.kylene oxides. When only one kind o. alkytone oxje .s used R 3 and 
R4 col"n 5? same alkylene moiety. When different kinds o, a.kylene oxides are used R 3 and R< may conta.n the 

derived mo ety This kind of compound may be formed using a polycarboxylic acid as the starting acid (or example a 
dcarooxyS'^ 

S contains at leas, one Iree carboxylic functional group in the acid derived-mo.ety. For examp e an ac,d hav.ng 
two carboxyl functions is used, such as a dicarboxylic or dimer acid, the mole ratio could be about 1.1 

he ci e that the amide contains at leas, one free carboxylic group in the acid-derived moiety, « may be , used 
as is or it may be derK/atised further to enhance its properties. The kind of compound used ,n further der.vat.s,ng the 
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isobutylene or disobutylene. . 

The copolymers may be made by direct polymerization of comonomers. by transesterif.cation. or by fiydrolys.s 
and re-esterification. ol an ethylene unsaturated ester copolymer to give a different ethylene unsaturated ester copol- 

s ym< Comb polymers are polymers in which branches containing hydrocarbyl groups are pendant from a polymer back- 
bone (see "Comb-Like Polymers. Structure and Properties', N.A. Plate eta!. Poly. Sci. Macromolecular Revs.. 8. pages 

117 Thfhydrocarbyl groups normally having from 10 to 30 carbon atoms and are bonded directly or indirectly to the 
polymer backbone. Examples of indirect bonding include bonding via interposed atoms or groups. Th.s can .nclude 
10 covalent and/or electrovalent bonding such as in a salt. 

The comb polymer is typically a homopolymer or a copolymer having at least 20 and preferably at least 40, and 
more preferably still at least 50. mole per cent of units having side branches containing at least 6. preferably at least 
10 carbon atoms. It is possible for the comb polymer to contain units derived from other monomers. 
' Examples of comb polymers which may be used include homopolymers of, for example fumanc or itacon.c acid, 
is and copolymers of maleic anhydride, fumaric acid or itaconic acid with another ethylenically unsaturated monomer, 
such as an a-olefin, for example 1-decene, 1-dodecene, 1-tetradecene, mexadecene and 1-octadecene or an un- 
saturated ester, for example, vinyl acetate. The copolymer may be estertfied by reaction with an alcohol such as n- 
dlan-1-ol n-dodecan-1-ol, n-tetradecan-1-ol. n-hexadecan-1 -ol, n-octadecan-1 -of, 1-methylpentadecan-l-ol or 
2-methyltridecan-l-ol. Mixtures of alcohols may be used although it is preferred to use pure alcohols rather than the 
zo commercially available alcohol mixtures. „,„ ■„ 

Preferred comb polymers are the fumarate and itaconate polymers and copolymers for example as described in 
EP-A-153176 EP-A-1 53177, EP-A-225588. WO 91/16407. WO 95/03377 and WO 95/33805. 

The preferred fumarate comb polymers are copolymers of (C 12 . 20 alkyl) fumarates with vinyl acetate especially 
those in which the alkyl groups have 14 carbon atoms or in which the alkyl groups are a mixtures C l4 /C 16 alkyl groups. 
25 Those may be made by known techniques. 

Other suitable comb polymers which may be used include the polymers and copolymers of a-olefins and estertfied 
copolymers of styrene and maleic anhydride and estertfied copolymers 0 f styrene and. fumanc acid 

The comb polymers useful in the invention generally have a number average molecular weight, as measured by 
vapour phase osmometry, of 1.000 to 100.000. more especially 1.000 to 30.000. 
30 Polar nitrogen compounds which may be used as cold flow improvers are known ,n the art and usually contain 

one or more of the same or different nitrogen-bound hydrocarbyl groups, possibly in the form of a cation 

The hydrocarbyl groups generally contain upto40carbon atoms. Examplesof hydrocarbyl groups .nclude aliphatic 
(e q alkyl or alkenyl), alicyclic (e.g. cycloalkyl or cycloalkenyl). aromatic, and alicyclic-substituted aromatic and aro- 
matic-substituted aliphatic and alicyclic groups. Aliphatic groups typically contain 12 to 24 carbon atoms and are ad- 

3S vant ^° h u ^ y ro S c a ^ may ncvhydrocarbon substituents provided their presence does not alter the 

predominantly hydrocarbon character of the group, such as keto, halo, hydroxy, nitro. cyano alkoxy anc I acyl groups 
If theTydrocarbyl group is substituted, a single (mono) substituent is preferred. Examples of substituted hydrocarbyl 
groups include 2-hydroxyethyl, 3-hydroxypropyl, 4-hydroxybutyl, 2-ketopropyl, ethoxyethyl and propoxypropyL 

The hydrocarbyl groups may also or alternatively contain atoms other than carbon in a cha.n or nng otherwise 
composed of carbon atoms. Suitable hetero atoms include nitrogen, sulphur, and. preferably, oxygen. The hydrocarby 
orouo may be bound to one or more nitrogen atoms via an intermediate linking group such as -CO-, C0 2 (-), -S0 3 (-) 
or hydrocarbylene. When the polar nitrogen compound carries more than one nitrogen-bound substituent, the linking 
qroups for each substituent may be the same or different. , M - r» 

The polar nitrogen compounds may contain amino substituents such as long chain C^-C^, preferably C, 2 -C 24 , 
alkvl primary secondary, tertiary or quaternary amino substituents. Preferably, the amino substituent is a dialkylam.no 
substituent which may be in the form of an amine salt thereof (tertiary and quaternary amines can form only amine 
sails). The alkyl groups may be the same or different. 

Examples of primary amino substituents include dodecylamino. tetradecylam.no. cocoam.no and hydrogenated 
tallowamino Examples of secondary amino substituents include diocladecylamino and methylbehenylam.no. M.xtures 
of amho substituents may be present such as those derived from naturally occurring amines. A preferred am.no sub- 
" -stitWnt is the-secondary hydrogenated tallow amino substituent.-the alkylgroups of which are derived from hydrogen- 
ated ta.low.at. These are typically composed of approximately 4% C 14 , 31% C 16 and 59% C 1B n-alkyl groups by weight. 
The polar nitrogen compounds may contain imino substituents such as long cha.n C 12 -C 40 . preferably C 12 -C 24 . 
ss alkyl substituents. The substituents may be monomeric (cyclic or non-cyclic) or polymeric. When non-cycl.c. the sub- 
stituent may be obtained from a cyclic precursor such as an anhydride. The cyclic precursor may .nclude homocychc, 
heterocyclic or fused polycyclic assemblies, or a system where two or more identical or different such cycl.c assembl.es 
are joined to one another. Where there are two or more such cyclic assemblies, the substituents may be on the same 
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polyoxya.kylene glycol group ot number average mo.ecu.ar weigh, (by GPC) up to 5,000. pre.erably 200 to 5,000 (see 

^"CoS-e'dts^ritbers. ether/esters and mixtures thereof are also suitable as the cold flow improver 
B) He^eTenS 'may be made to the stearic or behenic diesters o. polyethylene glycol, polypropylene glycol or p* 

ye T:Te^ - " d in japanese pa,ent pub,icat,ons Nos - 

2-5,4^2 Psiw E^l W«S^3B6. WO 95/03377 and WO 95/33805. Cyclic esteri.ied ethoxylates 
TSSlS^S^ these cold flow improvers may be use, lor examp.e mixtures of ethylene-unsaturated 

•J^^^PO*™ lor exam P' e 3 miX,UrS °* " aC6tale C0P ° lymer ^ " ,Umarale 

comb polymer. 

Component C) 

Ashless disoersants which may be used in the invention as component C) are well-known in the art. Examples 

KSSE^IflSa The use of po<yamine succinimtoe and Mannich base dispersants is P— 

in for example ' ^ h substituted succinic acylaling agent w.th an am.ne/alcohol 

«**, C). Seeh fuel is — abWe ' CM " PO " e " 1 * ' S USUa " y 

porteas The baa. feel may be a mdcki ie « or a 20 . 200 

thus represent concentrations in microlitres per litre . ot fu el. concentrate for dilution 

multilunctional fuel additive package. Examples or convenu rnrr „ jc , n inhiDjl ors antistatic additives, biocides. 

.isers, detergents, antifoams, cetane number formulations 

^^^SS^^szssr:s:si 

Wne .eel pempe. io. example aa loueo „ ^'3° ■ « " ^* S d K» -edu=in 9 wear in lee. injecx 

SnS. Celeeto i. pa-.ioeia.iy ^ » *e operas o, dieeei ane ,e, en gl e.e. 
The present invention is illustrated in the following example. 
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Example 

The .ubricity of a number of diesel fuels was assessed using the High Frequency Reciprocating Rig (HFRR) test 
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Component A is oleyl diethanolamide; 

Component B. the cold flow improver, is a commercially available ethylene-vinyl acetate copolymer ot a type com- 
monly used in middle distillate fuels having a broad boiling range (20-90 vol% distilling within a band ot 1 00-1 20° C), 
the final boiling temperature being between 360 and 380°C. 

Component C the ashless dispersant, is a polyisobutenyl succinimide derived from poly isobutene having a number 
average molecular weight of 950. The amine used in preparation of the succinimide was tetraethylene pentamme. 

The results obtained clearly demonstrate the improvement in lubricity associated with luels in accordance with the 
present invention The base fuel, run 1 , has a very low inherent lubricity resulting in a relatively large mean wear scar 
diameter in the HFRR test of 650 urn. Similarly poor results are observed in runs 2-5. In runs 2-4 the fuels tested 
contain only one of components A, B or C. In run 5 the fuel contains components B and C but no component A. 

In contrast runs 6-8. particularly run 8. show a significant improvement in lubricity expressed as a much smaller 
mean wear scar diameter. It should be noted in runs 6-8 the amounts of components A. B and C are the same as in 
earlier runs The fact that much improved lubricity is observed clearly shows that there is a synergistic interaction 
between the components, i.e. between A and B in run 6. between A and C in run 7 and between A. B and C in run 8. 
It will be appreciated that this synergistic relationship could enable the amounts of components A. B and/or C to be 
reduced without significant detriment to the lubricity of the fuel to which the components are added. In turn this could 
allow savings in materials used. 

The synergistic interaction between components A and B was confirmed in a number of other experimental runs 

as reported in Tables 2 to 6 below. 



Table 2 





Component and amount (ppm v/v) 


HFRR @ 60°C 


Run No. 


A 


B 


MWSD (um) 


9 ^ 


0 


200 


645 


10 


25 


200 


525 



Components A and B were the same as in Table 1 above. 
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Component and amount (ppm v/v) 


HFRR @ 60°C 


Run No. 


A 


B 


MWSD (um) 


11 


0 


200 


670 


I 12 


25 


200 


360 



Component A was as above. Component B. the cold flow improver, was a commercially 
acetate copolymer of a type commonly used in middle distillate fuels having a broad boiling range (20-90 vol /<, distilling 
within a band of 100-1 20° C). the final boiling temperature being between 360 and 380°C. 
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Component and amount (ppm v/v) 


HFRR @ 60°C | 


Run No. 


A 


B 


MWSD (um) | 


13 


0 


200 


675 j| 


14 


25 


200 


485 | 



. Component A.was as above. Component, the cold flow improver, was , a commerc^lly avaiteb e modified e^yl- 
enevinyl acetate copolymer of a type commonly used in middle distillate tuels having a narrow boiling range (20-90 
vol% distilling within a band of 100»C or less), the final boiling temperature being about 360°C. 
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A concentrate comprising from 99 to 1% by weight of an additive as defined in any one of claims 1 to .6 and trc 
1 to 99% by weight of solvent or diluent for the additive which solvent or diluent is miscible with and/or capable 
dissolving the additive in a low sulphur content fuel. 

A method of reducing fuel pump wear in an engine which operates on a low sulphur content luel which meth 
comprises using as the low sulphur content fuel the fuel claimed in claim 7 or 8. 
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(54) Fuel additives and compositions 

(57) Use, in order to improve the lubricity of low sul- 
phur content fuel, of an additive comprising 
A) a carboxylic acid amide, 



and further comprising 

B) a cold flow improver, and/or 

C) an ashless dispersant. 
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